Study Design. Retrospective Review.
A djacent segment disease (ASD) is a clinically relevant deterioration of adjacent vertebral segments after a fusion, and it is a well-recognized outcome after spinal fusion with a mean annual incidence of 2.9% after cervical fusion and 3.9% after lumbar fusion. 1, 2 ASD occurs as a result of symptomatic degeneration of spinal levels immediately neighboring fused segments. 1 This deterioration theoretically arises from increased biomechanical stress adjacent to the fusion with physiologic loading. 3 In a recent review, Radcliff et al 4 concluded that laminectomy adjacent to a fusion and sagittal imbalance in spinal deformity patients were the most reliable predictors of ASD. However, the authors also believed that substantial questions remained with regards to the nature and risk factors of ASD. Further confounding the evidence, there is no validated outcome measurement to diagnose or quantify ASD and previous studies have shown the presence of arthritic degeneration at levels adjacent to future fusion sites in preoperative patients. 4, 5 This has caused substantial heterogeneity in the literature with regards to the quantity and quality of ASD. However, a recent study by Lee et al 6 recommends the use of reoperation rate as the criterion to define adjacent segment pathology because it is of more substantial value to the patient and surgeon.
From the
Despite the relatively high incidence of ASD among patients who have undergone lumbar fusion, a comprehensive study that includes potential medical and surgical risk factors for the development of ASD does not exist. We hypothesized that the cause of ASD is multifactorial. In the present study, we examined demographic, medical, and perioperative surgical information, as well as pelvic sagittal balance and other radiographic measurements among patients who underwent lumbar fusion for all indications to identify risk factors for the development of postoperative ASD.
MATERIALS AND METHODS
A retrospective review was performed of all patients who underwent instrumented fusion of any level of the lumbar spine for all indications between 2008 and 2011 at a single tertiary care institution. Exclusion criteria were previous lumbar fusion prior to the time frame reviewed, malignancy, and trauma. Patient information collected included age, gender, body mass index, medications, medical comorbidities, smoking status, and history, American Society of Anesthesiologists grade, preoperative pain, symptom duration prior to surgery, surgeon, diagnosis for operation, number of previous laminectomies, surgical approach, levels fused, length of fusion, adjacent levels decompressed, blood loss, operative time, duration in hospital, and intraoperative and postoperative complications, including development of ASD.
A reviewer blinded to the patient/surgical data (VJA) conducted the radiographic assessments. For each patient, overall lumbar lordosis (L1-L5), Cobb angle for the arthrodesis, horizontal angle between the L3 and L4 vertebrae, pelvic incidence (PI), sacral slope (SS), and pelvic tilt (PT) were measured and recorded. Lumbar lordosis is the angle between the cranial end plate of L1 and the caudal end plate of L5. The angle for the arthrodesis is the angle between the cranial end plate of the most cranial level included within the fusion and the caudal end plate of the most caudal level included within the fusion. The angle between L3 and L4 is the angle that the disc between these vertebrae make compared to the horizontal. The PI is the angle between the line perpendicular to the middle of the sacral end plate and the line joining the middle of the sacral end plate to the center of the bicoxofemoral axis (the line between the center of both femoral heads). The SS is the angle between the sacral end plate and the horizontal. The PT is the angle between the line that connects the middle of the sacral plate and the center of the bicoxofemoral axis and a vertical line from the center of the bicoxofemoral axis.
All data were securely collected and managed using REDCap (Research Electronic Data Capture, Cleveland, OH) 7 and analyzed with JMP 10.0 (2010; SAS Institute Inc, Cary, NC). The ASD and non-ASD groups were compared with respect to numeric variables using independent sample t tests and for categorical variables using Fisher exact tests. All P values 0.05 or less were considered statistically significant. Multivariable logistic regression was used to model the probability of ASD on the basis of one or more predictors. The logistic regression model enables adjustment for potential confounders. Any variable marginally associated with a higher risk of ASD (P 0.2) was considered for inclusion in the multivariable logistic regression model. We also assessed for multicollinearity by using variance inflation factors to ensure that no variable could be linearly predicted from the others. Adjusted odds ratios (OR) and associated confidence intervals (CI) for the variables in the logistic regression model were calculated.
RESULTS

Patient/Operative Characteristics
A total of 137 patients were identified between 2008 and 2011 who met inclusion and exclusion criteria. Thirteen patients (9%) required a second surgery for degeneration at an adjacent level by March 2014 and were therefore classified as having developed ASD. The non-ASD group had a mean follow-up of 14.0 months, and the ASD group had a mean follow-up of 21.1 months before revision surgery, and an overall follow-up of 41.0 months including revision surgeries. The average age of patients in the ASD group was 61 years and in the non-ASD group was 58 years (P ¼ 0.5). The average length of fusion for the ASD group was 2.3 segments and for the non-ASD group was 2.1 segments (P ¼ 0.09). The levels most commonly fused were L4-L5 (7/13, 54%, in the ASD group vs. 71/124, 57%, in the non-ASD group, P ¼ 0.8), followed by L5-S1 (8%, in the ASD group vs. 30%, in the non-ASD group, P ¼ 0.05) ( Table 1) .
The average number of additional operations for patients with ASD over the specified time frame was 1.5 AE 1.0 operations. The indications for follow-up surgery were most commonly adjacent spondylolisthesis (5/13 patients, 38%), followed by symptomatic stenosis (4/13 patients, 31%), and degenerative disc disease (2/13 patients, 15%) ( Table 2) . Within the ASD group, 8 out of 13 patients (62%) had an operation one level above the original fusion, 3 of 13 patients (23%) had an operation one level below the fusion, and 2 of 13 patients (15%) had an operation two levels above the primary fusion.
Differences Between the Adjacent Segment Disease and Nonadjacent Segment Disease Groups
No significant differences were found between the ASD and non-ASD groups in regards to gender, BMI, preoperative anxiolytics use, narcotics use, antipsychotic use, and stimulant use. Although mean age was not found to be statistically different between the two groups, there were significantly more patients in the ASD group who were older than 60 years compared to the non-ASD group (77% vs. 48%, P ¼ 0.04). Preoperative use of antidepressants was also associated with higher likelihood of ASD (OR ¼ 5.35, P ¼ 0.03). Medical comorbidities of hypertension, hyperlipidemia, diabetes, smoking history, and current smoking status preoperatively were likewise not found to be statistically significantly different between the ASD and non-ASD groups. Diagnosis of coronary artery disease was statistically more common in those patients who developed ASD (P ¼ 0.02).
Preoperative American Society of Anesthesiologists grade, pain level, and duration of symptoms before operation were not found to be significantly different between the ASD and non-ASD groups. Among the preoperative diagnoses, only the diagnosis of degenerative scoliosis was found to be significantly higher within the ASD group compared with the non-ASD group (OR ¼ 34.22, P ¼ 0.02).
Longer length of fusion trended toward statistical significance for the development of ASD (P ¼ 0.09). A fusion including the L4 vertebral level was found to be statistically more likely in the ASD group compared with the non-ASD group (P ¼ 0.05). The ASD group also had significantly lower rate of rostral decompressions (i.e., complete removal of the rostral lamina involved within the fusion) (P ¼ 0.002) and a trend toward a significantly lower rate of caudal decompressions (P ¼ 0.09).
Several measurements of pelvic sagittal balance were performed to investigate how differences in patient anatomy after fusion may lead to biomechanical stress on adjacent segments causing ASD. Overall lumbar lordosis (L1-L5), Cobb angle of the construct, L3-L4 horizontal angle, and PT were all found to be similar between the ASD and non-ASD group. Significantly lower PI (46.08 for the ASD group vs. 53.88 for the non-ASD group, P ¼ 0.04) and lower SS angle (27.48 for the ASD group vs. 33.88 for the non-ASD group, P ¼ 0.04) were found for the patients who developed ASD as compared to those who did not. For those patients whose surgery included the S1 level (32%, 44/137 patients), the SS was found to be significantly higher when compared to those patients whose surgery did not have the S1 level included within the fusion (P < 0.001). A summary of all parameters assessed is included in Table 1 .
A multiple regression model was performed to adjust for potential confounders and identify significant independent risk factors for the development of ASD. Antidepressant use (OR ¼ 5.35, P ¼ 0.03), degenerative scoliosis (OR ¼ 34.22, P ¼ 0.02), fusion of L4-S1 (OR ¼ 56.53, P ¼ 0.006), having no rostral decompression (P ¼ 0.003), and a lower SS (OR ¼ 0.88, P ¼ 0.004) were significant predictors of development of postoperative ASD (Table 3 ). An OR could not be calculated for having no adjacent segments decompressed because all 13 patients with ASD had no decompressions adjacent to their fusion as compared to 85 of 124 (69%) of patients that did not develop ASD. There was no multicollinearity found among the significant variables, indicating that each of the predictive factors is independently predictive and not dependent on other significant variables.
DISCUSSION
There is some discordance among the studies that have investigated preoperative risk factors for ASD. Reported risk factors have included age, 8, 9 positive smoking status, 10 and increased length of fusion. 8, 9, 11 However, other studies have not been able to validate these findings, showing no association of age, 12 smoking status, 13 and length of fusion 2, 12 with ASD. These discrepancies are due in large part to differences in definition of ASD. Many studies define ASD based on radiographic evidence of adjacent segment pathology with or without corresponding symptomatology. However, a retrospective study of 32 patients by Ghiselli et al 5 noted that patients typically present with adjacent level disc space narrowing and possible osteophyte formation preoperatively, meaning that some study criteria for diagnosis of ASD is actually present in many patients before their operation. Therefore, we defined ASD as reoperation for adjacent segment pathology. This is the same definition used in a recent study by Lee et al 6 that emphasized the clinical utility of defining ASD as the need for reoperation at adjacent segments. Therefore, the purpose of this study was to determine independent predictors of the development of ASD using a more discrete endpoint of reoperation to better inform both the surgeon and the patient about potential risk factors for developing this adverse outcome. The studies by Cheh et al 8 and Sears et al 9 found older than 50 years or older than 60 years of age, respectively, to be more common in patients with ASD. Cheh and colleagues 8 used a clinical interpretation of ASD based on symptomatic stenosis, back pain, or sagittal or coronal imbalance. As in the present study, Sears et al 9 defined ASD as a reoperation and also used a logistic regression to find independent risk factors for the development of ASD. The authors did not find older than 60 years of age to be predictive of ASD through the logistic regression model. This correlates well with our present findings. We also found that patients with ASD were statistically more likely to be older than 60 years of age. However, there was no independent association following the logistic regression model. Based on the above findings, a clinical diagnosis of ASD is more likely in patients older than 50 years of age, whereas the requirement of reoperation for ASD is more likely in patients older than 60 years of age. However, age does not seem to be an independent risk factor for the development of ASD.
Studies that investigate risk factors for ASD largely fail to correlate medical comorbidities to reoperation. In our cohort, we found antidepressant use as independently predictive of ASD. Interestingly, a preoperative diagnosis of depression did not have a similar relation. This contradiction may be due to lack of reporting/diagnosis of clinical depression within patient problem lists. Nonetheless, high antidepressant use has been seen in other studies of spine surgical candidates.
14 Furthermore, depression has been shown to correlate with poor outcomes after lumbar spinal surgery due to exaggerated perceptions of painful stimuli. 15, 16 In a systematic review of 21 publications by Aalto et al, 16 the authors noted that in studies where depression predicted worsened outcomes, patients with higher psychological distress reported greater disability. The authors speculated that although depressed patients may have similar objective benefit from surgery, they might report poorer outcomes due to their depression. It may be that decreased perceived outcomes postoperatively along with radiographic evidence of adjacent level degeneration leads to higher rates of revision operation in depressed patients.
Ekman et al
17 used a radiographic criteria for ASD to prospectively study 63 patients with lumbar fusion and found that the prevalence of ASD was statistically more common in the individuals who had the entire lamina of the rostral segment involved in the fusion removed compared with those individuals who did not. The authors proposed that the removal of the rostral lamina causes a loss of posterior column support and a tendency toward mechanical failure. This was further validated through their findings of a more pronounced reduction in posterior disc height in individuals with a decompression adjacent to the fusion compared with patients with fusion alone. In contrast, we found that decompression both above and below the fusion were less likely in patients with ASD than in patients without ASD. Furthermore, having intact lamina adjacent to the fusion was an independent risk factor for the development of ASD. In fact, no individual who developed ASD within our study had a decompression performed adjacent to their fusion. This discrepancy may be due, in part, to our shorter average follow-up of 3.4 years compared to 12.6 years in the study by Ekman and colleagues. Notwithstanding, most patients who develop ASD fail due to adjacent level stenosis, and not frank spondylolisthesis, as long as the adjacent level decompression is not destabilizing. Decompression of the adjacent level in lieu of these results and in expectation of the heightened biomechanical loading known to occur after fusion appears to be a logical approach. Regardless, the substantial heterogeneity in findings warrant further studies to investigate the appropriateness and effect of decompressing segments while performing a lumbar fusion.
SS is intimately related to the PI (PI ¼ SS þ PT), and it exists as an important factor in determining the required lumbar lordosis for a given patient. Although increasing PI may predispose to ASD, our logistic regression did not find PI to be an independent predictor of ASD. A reasonable explanation for this is that PI is fixed and indirectly acts as a surrogate for a patient's overall sagittal balance, which is of the utmost importance. With appropriate correction, a high PI should not alone predispose to failure. On the contrary, SS is a variable number, representing a patient's attempt to restore their sagittal alignment via hip extension and/or pelvic retroversion. SS therefore remains an important predictive variable for failure, in that it indirectly represents a failure to restore sagittal alignment postoperatively. Sears et al 9 also concluded that for fusions of the same length, stopping a fusion at L5 (a floating fusion) had an increased risk for ASD compared with a fusion including S1. In our study, we found that a fusion of L5-S1 was more likely in the non-ASD group compared with the ASD group. However, we also found that a fusion of L4-S1 was an independent predictor for the development of ASD. Our results are supported by the findings of Sears and colleagues 9 in that a shorter fusion including S1 is protective, whereas a longer fusion predisposes a patient to ASD. Furthermore, we found that a higher SS was more likely in individuals with the S1 vertebra included within the fusion. Therefore, the surgeon must consider the protective effect of a fusion including the S1 segment and the subsequent higher SS angle compared with the increased risk a larger fusion has on predisposing a patient to ASD. Moreover, it is important to note that most lumbar lordosis is maintained at the L4-S1 level. The fact that fusions involving these levels predispose to ASD suggests that the fusion may take away from the normal compensatory abilities of the spine at these critical levels of lordosis. However, further studies are necessary to either validate or refute this notion.
Limitations of the present study must be considered when interpreting the data: these include its retrospective design and lack of prospective validation. Moreover, these retrospective data are based on outcomes after multiple types of surgery. Nonetheless, we have incorporated surgery design and other baseline variables in the logistic regression to ensure that they do not confound our results. Future prospective studies that use standardized diagnostic criteria for ASD are needed to validate the findings.
CONCLUSION
This study is the first to use a combination of medical, surgical, and pelvic sagittal balance characteristics to predict the development of ASD after lumbar fusion. We found that antidepressant use (OR ¼ 5.4), diagnosis of degenerative scoliosis (OR ¼ 34.2), fusion of L4-S1 (OR ¼ 56.5), and low SS (OR ¼ 0.9) predict the development of ASD. The use of a multifaceted approach within a single patient cohort enables more comprehensive prediction of development of ASD. The identified risk factors presented herein may allow for better patient selection and protective surgical approach to decrease the probability of developing ASD.
Key Points
ASD is a well-recognized adverse outcome of spine fusion surgery that leads to increased costs and worsened outcomes for patients. A comprehensive understanding of the medical, surgical, and postoperative sagittal balance risk factors for the development of ASD does not exist. This study is the first to use a combination of medical, surgical, and postoperative sagittal balance as risk factors for the development of ASD after lumbar fusion. Antidepressant use, diagnosis of degenerative scoliosis, fusion of L4-S1, having no decompressions adjacent to the fusion, and a low SS were all found to be independently associated with the development of ASD after lumbar fusion.
